Background Socioeconomic variables influence various healthcare issues in different ways. The effect of socioeconomic variables on the shoulder has not been well studied. Because activity level, defined by how much a patient actually does, is an important patient outcome measure and prognostic factor for the shoulder, studying its association with occupation and income will advance our understanding of how these variables relate to shoulder disorders, treatments, and outcomes. Questions/purpose We asked: (1) Does shoulder activity score correlate with income level, stratified by gender? (2) Do different employment groups-heavy, moderate, light, student, retired-have different shoulder activity scores, as stratified by gender? (3) Is type of sports participation
(contact or overhead) associated with income level, employment type, race, or household size? Methods A survey collected the Brophy and Marx shoulder activity score and demographic information, such as age, gender, race, income, type of employment, and household size from 1625 individuals 18 years and older with no current or previous shoulder pain or injury who are members of a research panel matched to the United States population by age, gender, household income and size, race/ethnicity, and geography. Men and women were analyzed separately. Activity level was controlled for age. Results Shoulder activity correlated with income level among men (R = 0.03; p \ 0.001) and women (R = 0.06; p = 0.0002). For men, heavy employment had the highest Shoulder Activity Scale (SAS) level (12.1 ± 4.9), which was more than SAS levels in sedentary (9.1 ± 4.5; mean difference, 3.0; 95% CI, 2.5-3.6; p = 0.001), student (8.8 ± 5.1; mean difference, 3.3; 95% CI, 3.0-3.7; p = 0.007), retired (8.0 ± 4.6; mean difference, 4.1; 95% CI, 3.6-4.7; p = 0.0001), and not working (7.5 ± 5.3; mean difference, 4.6; 95% CI, 4.6-4.6; p \ 0.001) categories; similarly, for women, heavy employment had the highest SAS level (12.0 ± 5.8). However, as there were few women working in heavy labor, the only significant difference in women was between moderate employment (8.8 ± 4.2) and sedentary employment (7.0 ± 4.1; mean difference, 1.8; 95% CI, 1.6-1.9; p = 0.0015). Participation in contact (19.9% vs 12.0%; p = 0.006) and overhead sports (25.2% vs 14.2%; p\0.001) was greater among males with higher incomes. Conclusions Shoulder activity level is related to the socioeconomic factors of income and type of employment. Heavy laborers have higher shoulder activity level, likely directly related to their work. Individuals with higher incomes also have higher shoulder activity level, probably Each author certifies that he or she, or a member of his or her immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research 1 editors and board members are on file with the publication and can be viewed on request. Each author certifies that the study institution approved or waived approval for the reporting of this investigation and that all investigations were conducted in conformity with ethical principles of research.
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Introduction
Activity level can be a valuable prognostic factor that predicts patient outcomes. For example, activity level is a major predictor of graft failure after ACL reconstruction [15] , implant wear in total joint arthroplasty [16] , and success of microfracture treatment for osteochondral defects in the knee [11] . Previous studies have suggested lower back and neck-shoulder pain vary with socioeconomic status [18] , and some have investigated job-related risk factors for shoulder symptoms in construction [3] , and computer desk [9] occupations. In the shoulder, substantial variance in activity scores is seen in age-and diagnosismatched cohorts, suggesting that shoulder activity level may be influenced by other patient variables such as employment and socioeconomic status. Additionally, age, gender, and medical comorbidities affect shoulder activity in patients with rotator cuff tears [5] .
Currently, there are few data on the relationship of socioeconomic variables with an individual's activity level. Although some studies have reported on activity scales in various anatomic areas as outcome measures and prognostic factors [11, 15, 16] , few studies explicitly identify specific patient variables associated with or predictive of activity level [5, 13] . Identifying predictors of activity level enhances the application and interpretation of activity level in clinical studies. Shoulder activity has been shown to be lower in women than men and decreases with age [13] . Socioeconomic variables may contribute to these differences, for example, if fewer women work in occupations with heavy labor. To our knowledge, no studies have been published regarding the relationship of shoulder activity level with socioeconomic variables. Patients with higher incomes may be more likely to participate in shoulder-focused activities such as golf, swimming, and tennis. The variance in activity level could have important implications regarding the incidence of shoulder disorders, the likelihood of seeking treatment for shoulder disorders, and the outcomes from treatment of shoulder disorders. Therefore, we asked: (1) Does the shoulder activity score correlate with income level, stratified by gender? (2) Do different employment groups-heavy, moderate, light, student, retired-have different shoulder activity scores, as stratified by gender? (3) Is the type of sports participation (contact or overhead) associated with income level, employment type, race, or household size?
Materials and Methods
After approval by the local institutional review board, survey participants were drawn from TNS Global (London, United Kingdom), as described in a study focusing on patient age and gender [13] . The TNS Research Panel is matched to the March 2010 Current Population Survey (CPS) Social and Economic Supplement data [20] and the 2009 American Community Survey (ACS) [21] based on age, gender, household income, household size, race/ethnicity, and geography through demographic databases. Of 2773 panel members invited to participate, 2403 completed an email survey including the validated shoulder activity score [4] . The panel is matched to the CPS and ACS and represents the overall population as a whole. The 87% of the panel who responded have the same distribution as the complete panel. Participants were not compensated directly for this study but are incentivized as members of the Panel.
The Shoulder Activity Scale (SAS) ( Fig. 1 ) evaluates a patient's overall shoulder activity level based on the frequency with which he or she completes five common activities of the shoulder. Frequency for each item is scored from 0 to 4 in increments of 1, with each point corresponding to a category of increasing frequency: never or less than once a month, once a month, once a week, more than once a week, or daily. The total numerical activity score is the sum of the individual item scores, ranging from a minimum of 0 points (if a patient answers ''never or less than once a month'' for all five items) to a maximum of 20 points (if the patient answers ''daily'' for all five items). Because the activity scale is designed to measure patients' overall level of activity, patients are asked to indicate how often they performed each activity during their healthiest and most active state in the previous year. Previous studies using the SAS have shown its reliability, validity, and responsiveness [4, 5, 19] . Among subjects with no history of shoulder symptoms or treatment for a shoulder condition, the shoulder activity score decreases with age and is lower in women than men [13] . In patients with shoulder disorders, the shoulder activity score is highest in patients with shoulder instability, intermediate in patients with rotator cuff disease, and lowest in patients with shoulder osteoarthritis [19] . In addition, patients are asked two multiple-choice questions regarding level of sports participation (without organized officiating, with organized officiating, or at a professional level) in contact and overhead-throwing sports.
Survey quotas were set at 300 participants for four age categories (18-30 years, 31-50 years, 51-70 years, and older than 70 years) for men and women. Potential participants of each age and gender category were excluded once the corresponding quota was met. Participants were excluded based on failure to complete the entire survey, age younger than 18 years, or inability to read or understand the questionnaire. TNS Global provided a clean data file using commercially available software (Microsoft 1 Excel 1 , Redmond, WA, USA) after the surveys were completed. There was no incentive for participation.
The study was designed to assess whether the shoulder activity score was associated with: (1) income level, (2) type of employment, (3) race, and (4) household size. Income level was segregated by annual income as less than USD 30,000, USD 30,000 to 49,999, USD 50,000 to 74,999, and USD 75,000 or more. Employment was categorized as heavy (construction), moderate (nursing, waiter, retail), sedentary (office work, business, law), student, retired, and not working. Race was defined as white, black, and other. Household size was defined as one, two, three, or more. Of the 2773 eligible participants, 2403 completed the entire survey and were included. Of this group, participants who reported a history of shoulder symptoms or treatment were excluded from analysis, leaving 1625 participants as healthy controls. Summary statistics are available for men (Table 1 ) and women ( Table 2) .
Statistical Analysis
Rank-transformed shoulder activity scores were compared using generalized linear models. Income was treated as an ordinal linear variable from the lowest category to the highest category and analyzed by linear regression. Employment type, race, and household size categories were analyzed using ANOVA with post hoc comparisons of all groups performed with the Tukey-Kramer adjustment for multiple comparisons. Age category was included in all models as an ordered covariate. Men and women were analyzed separately. Chisquare analysis was used to compare the percentage of participants involved in contact and overhead sports.
Results
Shoulder activity correlated with income level among men (p \ 0.001) and women (p = 0.002 (Fig. 2) . For men, the shoulder activity score in the highest income group ([ USD 75,000) was 9.6 ± 4.6, whereas that of the lowest group (\USD 30,000) was 7.8 ± 5.2; and for women, they were 8.2 ± 4.3 and 6.4 ± 4.2, respectively.
For men, heavy employment had the highest shoulder activity score (12.1 ± 4.9), which was more than the scores for sedentary (9.1 ± 4.5; mean difference, 3.0; 95% CI, 2.5-3.6; p = 0.001), student (8.8 ± 5.1; mean difference, 3.3; 95% CI, 3.0-3.7; p = 0.007), retired (8.0 ± 4.6; mean difference, 4.1; 95% CI, 3.6-4.7; p \ 0.001), and not working (7.5 ± 5.3; mean difference, 4.6; shoulder activity score (12.0 ± 5.8) (Table 3 ). In men, the shoulder activity score in the moderate group (10.2 ± 4.3) also was more than the score for the retired group (mean difference, 2.2; 95% CI, 2.1-2.4; p = 0.020) and the not working group (mean difference, 2.7; 95% CI, 2.3-3.1; p\0.001); and the score in the sedentary group was more than the score for those not working (mean difference, 1.6; 95% CI, 1.0-2.1; p = 0.037). The shoulder activity score in women with moderate employment (8.8 ± 4.2) was more than the score for those with sedentary employment (mean difference, 1.8; 95% CI, 1.6-1.9; p = 0.002).
Participation in contact (p = 0.006) and overhead sports (p \ 0.001) was greater among males with higher incomes (Table 4 ). No such difference was observed for women in different income groups (Fig. 3) . Participation in contact and overhead sports did not differ by type of employment, race, or household size. 
Discussion
Occupational and socioeconomic factors have been linked to shoulder disorders [1, 3, 6, 7, 9, 14, 18] . Musculoskeletal symptoms have been associated with factors such as income, educational attainment, physical demand of labor, and lack of health insurance [7] . Many studies have implicated type and volume of work as crucial factors for studying occupational and socioeconomic impact on shoulder symptoms [1, 3, 6, 7, 9, 14, 18] , but to our knowledge, no such studies have formally evaluated the role of shoulder activity level. Therefore, we aimed to study the association of socioeconomic factors with shoulder activity score in individuals without current or previous shoulder pain or injury.
Our study has numerous limitations. Although a crosssectional design was used with a database matched to the United States Census Bureau on geographic region, age, income, and household size, the sample size is relatively small compared with the total US population. However, the response rate was high (86%). It is possible that other unknown confounders of activity level are important and should have been accounted for. Because subjects were recruited based on age and sex quotas, certain socioeconomic populations were underrepresented compared with others (for instance, women in heavy labor, and nonwhite racial groups). Participants were recruited via email, potentially introducing selection bias. Although it is unlikely that familiarity with technology influences shoulder activity, this approach could have biased the study (p = 0.0004) and women (p = 0.0002). (B) By ANOVA, the score is related to employment in men (p \ 0.0001) and women (p = 0.0006).
Volume 474, Number 10, October 2016 Shoulder Activity and Socioeconomic Factors 2273 population toward higher socioeconomic groups. Another limitation is that data for age and income were obtained in a categorical, not continuous manner, meaning that two fairly different individuals could be grouped together (for example, a 31-year-old man making USD 75,000 and a 50year-old man making USD 200,000). Further investigation may be warranted in the relationship of race and ethnicity to shoulder activity, as nonwhite racial groups were underrepresented in our study. Moreover, the relationship of occupation to leisure activity deserves further study. Additionally, a prospective or retrospective cohort study with tighter age ranges and more-even occupational distribution could be used to study changes in activity level during important life transitions (such as graduating from school and joining the workforce, starting a family, retirement). Rather than a one-time assessment of the level of shoulder activity, assessment of changes in the same individual with time or after major life changes might yield important new information that could relate to clinical decision-making and outcomes. Finally, this study population was selected from the United States, required the participants to understand English, and may not be applicable to populations from other countries and cultures. Higher income levels are associated with higher shoulder activity. This finding is similar to the results of a recent study reporting an association between income level and QuickDASH scores [10] . This association of shoulder activity level with income suggests a mechanism whereby this variable may influence the prevalence of and outcome from shoulder disorders. The trend in activity level related to income may result from numerous possible explanations. Probably the most likely explanation is greater access to, and use of, exercise equipment and recreational activities that stress the shoulder, such as swimming and tennis. Males with higher incomes were more likely to participate in contact and overhead sports: contact sports p = 0.006, overhead sports p \ 0.001. No such difference was seen in females of different income groups: contact sports p = 0.34, overhead sports p = 0.08.
Because of their elevated shoulder activity, these patients may be more likely to seek treatment for shoulder disorders and less likely to be satisfied with outcomes that do not return them to their preinjury level of activity. More research is needed to better understand how increased shoulder activity level in patients with higher incomes affects their risk for treatment of and outcomes from shoulder disorders. Shoulder activity level also relates to employment, but not to race or household size. Shoulder activity increases with greater physical demands of employment, which likely puts these individuals at a greater risk for shoulder disorders. In a longitudinal cohort study in Australia, shoulder pain and stiffness were associated with manual work and lower educational attainment [14] . A cross-sectional study in Norway identified physically demanding work and job autonomy as major factors explaining a stepwise socioeconomic gradient for musculoskeletal pain of the lower back and neck-shoulder [18] . A smaller study in the Netherlands found that workers in different construction occupations were at risk for different types of work-related musculoskeletal disorders of the upper extremity [3] . Studies in several countries have identified job-related risk factors for shoulder symptoms such as posture, repetitive work, and type of physical tasks performed [1, 6, 9] . The elevated activity level may be particularly substantial for patients treated while receiving workers' compensation. Patients with workers' compensation claims have been shown to have worse outcomes after rotator cuff repairs [2, 12] . Although these studies adjusted for various factors, neither included shoulder activity level as an explicit variable. Workers' compensation claims also have been associated with worse outcomes after superior labral tear from anterior to posterior (SLAP) repair [8] and acromioplasty [17] . The higher activity level in more demanding occupations could contribute to worse outcomes in these patients and deserves further study.
Our data show that wealthier men are more likely to participate in overhead and contact sports. There may be a confounding effect of employment, as students and retirees are likely to have lower incomes than employed individuals. The elevated activity level in higher income individuals may put them at greater risk for shoulder disorders and make them more likely to seek medical evaluation and treatment for symptoms. It also might make treating these patients more challenging as they are likely to have higher expectations for treatment outcomes. More research is necessary to evaluate exactly how this elevated activity level affects their incidence of, treatment for and outcome from shoulder disorders.
In individuals without shoulder disorders, shoulder activity level is related to socioeconomic factors such as income and type of employment, but not household size or race. Patients who work in more strenuous occupations and have higher incomes probably are more likely to seek treatment for shoulder disorders and may be more challenging to treat because of their elevated activity level. Future research should focus on how elevated activity level in these populations affects the incidence and prevalence of shoulder disorders and the use of care, choice of treatment, and outcomes.
